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ABSTRACT
This reports an investigation of heat rejection systems for use in the PL-3 nuclear power plant, designed for placement at Byrd Station, Antarctica.
The study concludes that the glycol-coupled surface condenser and air blast ' cooler combination appears to be suited for PL-3 plant requirements and operating conditio ns. ABSTRACTix 
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Operating Experience --13
EVALUATION OF DATA AND CONCLUSION ---
--15 LIST OF TABLES Low and medium power nuclear 'plants built to date utilize dissimilar systems for the heat rejection portion of their thermal cycles, This indicates differences of opinion as to what constitutes the best heat rejection system for cold region application. During Phase I of the PL-3 contract,. Alco investigated and evaluated the results of design studies, performance tests, operating experience, and manufacturer's data in conjunction with the heat rejection systems of these plants to determine the optimum system for use in the PL-3 nliclear power plant which will be installed at Byrd Station, Antarctica.
Data from certain reports published by manufacturers of other nuclear power plants has been compiled and studied. From a study of these data and information from various other sources, it was concluded that the correct heat rejection system for the PL-3 nuclear power plant is the glycol-coupled surface condenser and air blast cooler combination. Some of the advantages of the glycol-coupled air blast cooler and surface condenser are as follows:
1. The system is inherently free from failure due to freezing.
2. The system operates with no automatic controls and minimal operator attention.
3. The system is a proven design backed by field operation.
4. The system requires no provisions for startup and responds to load changes with no freezing danger.
5. Core life can be significantly improved by taking advantage of low ambient temperatures without danger of freezing.
The report shows that most of the advantages of the glycol system are correspondingly disadvantages for the other systems under consideration. On the basis of these, the conclusion in favor of glycol coupled air blast coolers and surface condenser was made. The Phase I study of PL 3 has allowed Alco to determine the optimum heat rejection system for use in the plant. Initial efforts involved a literature search and vendor contacts to obtain data on standard manufactured items of continuous and ·finned fluid-to-air heat exchange surfaces. On receopt of the above material, sample calculations were made to obtain values for basic system parameters, These parameters included air and fluid velocity, air and fluid pressure drop, overall heat transfer coefficient and tube bank depth. At the same time, the reports of the various nuclear power plant manufacturers were obtained and their contents.were discussed, studied and evaluated. Their systems were closely studied to note usable design features for PL-3 consideration. This, then, was Alco' s general method of approach to the problem of selecting the optimum heat rejection system for the PL-3 nuclear power plant·.
In the report that follows, various heat rejection iystems will be discussed and the results and conclusions will be presented. .e A feature of the steam condensing cycle is the great reduction in make-up water required by the system. It is necessary to provide some sort of condensing system to recover the steam used to drive the turbine. The commonest system found in use is the surface condenser coupled to a source of cool fluid. This system uses a flow of cool fluid being pumped through the tube banks over which the condensing steam is passed. This cool fluid normally comes from a lake, river or other source. The PL 3 environment dictates that all waste heat must be ultimately dissipated to the atmosphere. This requires a source of cool fluid utilizing the Antarctic air to remove the waste heat from the system.
The heat rejection systems of the various low and medium power nuclear plants have been studied and analyzed in the preparation of this report.
The low and medium power nuclear plants built to date have utilized various systems for the heat rejection portion of their thermal cycles. The fact that these systems utilize dissimilar approaches reflects that there are obvious differences of opinion as to what constitutes the best heat rejection system for cold region application. The initial phase of the PL-3 contract consisted of study 5 and evaluation of the characteristics of the various low and. medium power riu-I clear plants in operation or in process of construction. Phase I, then, has I allowed Alco to investigate and evaluate the results of design studies, performance tests, operating experience and manufacturer's data and information in conjunction wi th the heat rejection systems of these plants.
Five main systems of heat rejection were · studied in conjunction with Phase I of the PL-3 project and will be discussed in turn. They are as follows:
1. Glycol-coupled air blast cooler and surface condenser.
2. Direct air-steam condenser.
3. Direct air-steam condenser with condensate subcooling.
4. Direct contact condenser with air blast cooler.
5. Water-coupled air blast cooler and surface condenser.
GLYCOL-COUPLED AIR BLAST COOLER AND SURFACE CONDENSER
This System consists of the air blast cooler, surge tank, surface condenser, pthylene glycol circulating pump and interconnecting piping. A schematic diagram of the system is presented as Fig. 2 . This system has been designed and built by Alco for the PM-2A installation at Camp Century, Greenland. Thus far, it is the only system to operate successfully in an Arctic location. This glycol system requires a minimum of operator attention during plant operation as well as a minimum of operating instrumentation. The most important feature of the system is its inherent resistance to failure due to freezing. At the present time, a 60 percent solution of elhylene glycol is being utilized in PM-2A. This solution gives the requirdd protection against any possibility of freezing due to plant shutdown or control system failure, Other features include the ability to use lower ·temp-erature ambient air than is possible with other systems, the ability to startup with no special. provisions and the ability to respond to sudden load changes with no freezing danger, Since the 60 percent glycol solution remafns fluid to ' 1 low temperatures the building does not have to be heated. The control of the J.
system is simple, and requires only the running of those fans required to ob-4 tain proper condenser vacuum.
A disadvantage of this system is the possible problem of glycol leakage into the condenser and contamination of the condensate. This problem, is.,e asily t ·. 6. The ·steam is piped from the turbine exhaust to the inlet of the air-steam condenser, where it -is condensed within tubes by the passage of eold air over the finned surfaces of the condenser tubes. The condensate is then drained to an external hotwell. The condensate is then removed from the hotwell and returned to plant use. An offtake air cooler section is provided at one end of the air blast cooler unit. This section is· separate from the main condenser and consists of a finned tube section with its own separate louver system. Steam jet air ej ectors pull the non-condensibles and any remaining uncondensed steam into this section where the steam is condensed and the uncondensed steam and the non-condensibles are removed through the air ejector system. This system was designed for installation in the PM-1 and PM-3A plants. The system is protected against freezing by limiting air intake to the heat exchanger core by movable louvers, which are controlled automatically to maintain a set condenser pressure. A separate louver system on the air cooler section is actuated by a pressure drop across an orifice which meters the amount of steam passing into the section. This keeps the air cooler section under enough heat load to prevent freezing the air removal section. This system requires more instrumentation than the glycol coupled system and is in danger of freeze-up in the event of control system failure or sudden loss of plant load. Studies have been made concerning the freeze-up problem of the steamto-air condensers; calculations supporting these. studies are presented in Appendix A of this report. The assumptions made in these calculations will be defined and supported in the calculations.
An analysis of the use of lower inlet air temperatures has been made using the direct air-to-steam condenser system compared to the ethylene glycol coupled air blast cooler and surface condenser.
On a mean annual temperature basis, it has been established that the use of a glycol system results in a reduction of needed core output of approximately 12% of OOF ambient air temperature or below. The analysis showed that with a glycol system having an inlet temperature -of 09F or lower, the condenser may be operating at 2 in. Hg absolute for approximately 265 days during theyear. This is based on Antarbtic weather data for the year 1959 which has been made available to Alco. At this operating point, the glycol solution will be leaving the air blast coolers at approximately +5 OIF. 
DIRECT AIR STEAM CONDENSER WITH CONDENSATE SUB-COOLING
The system consists of the steam-to-air condenser, condensate pump and interconnecting piping. The schematic diagram of the system is shown below.
From Turbine Exhaust
Condenser Steam from the turbine enters the condensing section of the condenser through the interconnecting steam line. After passing through the condensing section of the cooler, the condensate is passed through the sub-cooling section, where its temperature is lowered below its condensing point. The condensate is then drained to an outside Aotwell and returned to the plant through the plant auxiliary heat exchangers. Condenser vacuum is maintained by keeping.the air inlet temperature to the heat exchanger core at some preset value. The louver system is designed so that the air exhaust louvers and the air recirculation louvers work in unison. This insures that sufficient hot exhaust air is mixed, with the cold ambient:air to hold the preset mixed air temperature at the core entrance. This control system must be adjusted so that the core inlet temperature is maintained at such a level that tube temperatures are kept safely above freezing. As in.similar systems, freezing is the major problem faced during op4ration in a cold region. Another disadvantage of this 'and the system previdusly described is the long turbine steam exhaust line, which results in floi distribution problems, and higher turbine exhaust pressures. This system has been tested at SL-1, and proposed for use in the.PL-1 and PL-2 nuclear power plants.
· DIRECT CONTACT CONDENSER AND AIR BLAST COOLERS
This system cohsists of a direct contact condenser coupled with an ait blast water cooler which has a recirculation system. The schematic diagrani of the system .is shown below.
r -1-0-Z This system was investigated by the Martin. Company in conjunction with certain parametric studies performed on the PM-1 project. Steam enters the condenser from the turbine exhaust line, where-it comes in contact with the water spray and is condensed. A portion of the condensate is then pumped balk to the plant, while the remainder is recirculated through the air blast cooler where it is cooled and begins the cycle again.
The system has a three way control valve which diverts condensate to between the condenser and the circulating pump inlet. The cooling coil is equipped with a louver system which is interlocked with a temperature sensing system and automatically opened and closed as required. Thus, freezing protection affordell this system is like the PL-1 and PL-2, which has recirculation of hot exhaust air inside a building so that air inlet temperature at the air blagpt cooler core is kept at some safe, predetermined level above freezing. This is extremely important, because the entire system is filled with water and can freeze extremely rapidly with Audden. loss of plant load.
At the present time,
there is no utilization of the system in a nuclear power plant.
WATER-COUPLED SURFACE CONDENSER AND AIR BLAST COOLERS
This system consists of a surface condenser, an air blast cooler, circulating pump and louver system. The schematic diagram of the system appears below. Steam enters the surface condenser from the turbine exhaust and is condensed on the tubes. The water in-the tubes, which absorbs the heat from the condeAsing steam, -is circulated to the air blast cooler, where the'heat is transferred to the air through. a fluid-to-air heat exchanger. A louver system controls the temperature of the cooling water in the system by recirculating warm air to be mixed with the cold incoming air.
Again, the main disadvantage of this system is the freezing problem connected with an unprotected water system. A definite advantage to this system is the incrdased heat transfer efficiency realized when using water in place of ethylene glycol solution. Plant auxiliary cooling would be accomplished by placing the auxiliary cooling heat exchangers in parallel with the main condenser. At the present time, there is no utilization of this system in a nuclear power plant.
OPERATING EXPERIENCE
Presently, only the ethylene glycol system, used at the PM-2A plant at Camp Century, Greenland, has a record of operation under Arctic conditions. The PM-1 air cooled condenser has been operated in the Climatic Laboratory, Elgin Air Force Base, Florida, at temperatures as low as -70IF and encountered * problems with steam and air distribution which required design modifications.
The modifications made were reported to include the addition of baffling to insure correct air distribution and,lience -eliminate localized cold spots, and -modifications in the design of the air removal system. Field operational experience, however, has not been logged on these modified units to date.
The PL-1 and PL-2 type condenser was tested at the Arco test site, but has had no extended operation or testing at extremely low temperatures. In view of this lack of operating experience at Arctic conditions, any system other than the glycol system will require extensive engineering analysis and testing to insure comperable reliability. Therefore, there is very limited assurance that these systems can be reliabily operated in a plant with an environment similar to that anticipated for PL-3 where operator attention must be divided among other plant systems and cannot be concentrated on the condenser operation. Table 1 shows that most. of the advantages for the glycol system are,correspondingly, disadvantages for the other systems studied. Based on the previous' observations, it is concluded that a glycol system is the preferred system for application on the PL-3 nuclear power·plant.
C. - Air-steam systems require that up to 70% of the air to be recirculated to avoid freezing during actual operation. This analysis is based on a 70% recirculation of air during operation. first, zero leakage, shows that for an assumption of zero. leakage of air through T the closed 1buver system it will require approximately 9-1/2 hr·,,to freeze the condensate in. the condenser. Looking at a more reasonable assumption, that of 250,000 Btu/hr leakage, it is shown that freeze-up time will occur at about 1 hr -from start. The assumption here is that the louvers will not close perfectly tight. Our last assumption is that there is a 2,500,000 Btu/hr leakage rate. Evaluation of the equation shows that for this rate of air loss freeze-up will occur in about 8 minutes. This assumption takes into consideration the fact that the louvers may leak excessively. Calculations, then, show that the freeze-up time of the condenser is actually between 8 min and 1 hr for normal operation and small louver gaps in the closed position. Louver leakage may be defined as that air leakage past the sealing strips on each edge of mating louvers.
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In the event of a louver control system malfunction, assuming 70% recirculation of air and fan coast down, it has been calculated that freeze-up would occur within 1 min during actual operation.
Therefore, it cannot be assumed.that any reasonable degree of reliability exists, even with a high percentage of recirculation of air, for any system which requires regulation of air flow by control equipment. 
